Expression of tyrosine hydroxylase is epigenetically regulated in neural stem cells.
Tyrosine hydroxylase (TH) is the first and rate-limiting enzyme in the biosynthesis of catecholamines, and its expression is regulated in a developmental stage- and cell type-specific manner. Our previous work suggested that the genetic elements responsible for cell type-specific expression of TH were in the repressor region of the TH promoter between -2187 and -1232 bp. To investigate the molecular mechanisms underlying the specificity of TH expression, the DNA methylation patterns of the CpG islands in the repressor region of the TH promoter were examined in human neural stem cells (NSCs) and dopaminergic neuron-like cells. Using a bisulfite sequencing method, we found that the cytosine residues of CpG islands within the NRSE-R site were specifically methylated in NSCs, but not in SH-SY5Y neuroblastoma cells. In NSCs, CpG methylation correlated with reduced TH gene expression, and inhibition of DNA methylation with 5-azacytidine restored TH expression. Furthermore, methyl-CpG binding domain proteins (MBDs) bound to the highly methylated X-1 and X-2 regions of the TH gene in NSCs. Taken together, these results suggest that region-specific methylation and MBDs play important roles in TH gene regulation in NSCs.